We report a retrospective analysis of our experience in bypass vein graft surgery to lateral tarsal, medial plantar, and lateral plantar arteries for treatment of critical limb ischemia (CLI). Methods: Between January 1991 and February 2010, we performed 137 inframalleolar bypass graft surgeries; of these, 25 (18%) were conducted using foot branch arteries for distal implant. All patients were treated for CLI and most had extensive infrapopliteal atherosclerotic disease (TransAtlantic Inter-Society Consensus D). Mean follow-up was 46.32 months (range, 0-144 months). Main end points analyzed were cumulative patency, limb salvage, and survival. Statistic analysis of all end points was performed using Kaplan-Meier survival curves.
Patients with diabetes mellitus and critical limb ischemia (CLI) generally show extensive tibial and peroneal occlusion, with the foot arteries spared from atherosclerotic disease. 1 This condition makes the dorsalis pedis and common plantar targets for distal revascularization. [2] [3] [4] These major arteries are sometimes occluded, but the branches (tarsal and plantar arteries) are patent and serve as runoffs for a bypass graft. 5, 6 This an exceptional technique applicable to special conditions as a last attempt for limb salvage.
Technical improvements in endovascular surgery have made this method feasible for many patients. It has been used as the initial approach to CLI treatment because of its low morbidity; however, the Bypass Versus Angioplasty in Severe Ischemia of the Leg (BASIL) trial reported better results for limb salvage and long-term survival in patients treated with bypass graft surgery, 7 and there are isolated reports of angioplasty performed on pedal arteries. 8, 9 Therefore, the use of these arteries as outflow for bypasses remains the standard treatment for CLI when only podalic arteries are patent. We recently demonstrated satisfactory long-term results for inframalleolar bypass. 10 The aim of the present study was to analyze our 20-year experience using lateral tarsal, medial plantar, and lateral plantar in reconstructive arterial surgery, focusing on longterm results of secondary patency, limb salvage, and survival.
METHODS
This study was approved by the Ethics Committee of our hospital. Between January 1991 and February 2010, we performed 137 inframalleolar bypass graft surgeries, of which arterial foot branches were used for the distal anastomosis in 25 (18%). All procedures were performed in the Hospital do Servidor Publico Estadual, São Paulo, SP, Brazil. Data were collected prospectively and records were updated at follow-up.
Men comprised 64% of the patients, and the mean age was 66 years (range, 47-86 years). The main associated diseases were diabetes mellitus and hypertension (Table I) . Comorbidities were collected and reported according to the Society for Vascular Surgery Joint Council.
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Patient selection. All patients had CLI (Rutherford classification IV, V, and VI). Most patients were transferred from the emergency department to the vascular surgery department. Demographic data, the surgical procedure, and outcomes after surgery and discharge were analyzed. Most patients had extensive atherosclerotic disease with trifurcation involvement and long occlusions or diffusely diseased tibial arteries, defined as infrapopliteal TransAtlantic Inter-Society Consensus (TASC) D.
12 Diagnostic studies revealed patent foot branches. Patients with a salvage-able foot (ischemic lesion restricted to metatarsal level or superficial calcaneus level without extensive tissue loss) were considered for distal revascularization.
Limb usage, ambulation, global clinical status, and presence of adequate autogenous conduits were the main considerations in preoperative analysis. The surgical risk in all patients was also stratified by a cardiologist, according to the American Heart Association guidelines. 13 High-risk surgical patients were ineligible for these procedures and were considered for primary major amputation; currently, an attempt at endovascular treatment is a feasible approach.
Skin incisions were not placed at sites of infection, and these were kept closed in the early postoperative period for at least 72 hours. Patients with tissue loss associated with signs of gross infection received broad-spectrum antibiotic therapy before surgical treatment. In addition, the necessity for surgical debridement was considered before bypass graft surgery.
In the preoperative physical examination, a satisfactory popliteal pulse was identified in 13 patients (52%). The ankle-brachial index mean measure was 0.39, and was up to 1.0 in four patients (16%), which indicates noncompressible or calcified vessels. Surgery in 20 patients (80%) was performed for ischemic lesions restricted to the metatarsal level (CLI Rutherford V). Only two patients (8%) had lesions at the heel level (CLI Rutherford VI), and three patients (12%) were treated for rest pain without ischemic lesions (Rutherford IV).
The preoperative diagnosis was preferably performed by an arteriography study, but in some conditions, the preoperative diagnosis was obtained by duplex ultrasound (DUS) imaging, which was applied in two patients because of chronic kidney failure. Arteriography in two patients revealed no patent foot vessels, probably as a consequence of "contrast flow," and placement of the skin incision was guided by Doppler wave probe alone.
Surgical technique. For the lateral tarsal artery, the skin incision was placed ϳ1.0 cm above the tibial joint to expose the anterior tibial and dorsalis pedis arteries. The extensor retinaculum was opened, and dissection was conducted between the first and second metatarsal bones to identify the anterior tibial nerve and dorsalis pedis artery. The lateral tarsal branch usually lies on the tarsal bones and is relatively preserved from atherosclerotic disease. Plantar artery exposure was obtained by placing the skin incision posterior to the medial malleolus, in continuity with the posterior tibial artery. After incision through the subcutaneous tissue and opening of the flexor retinaculum, abductor hallucis muscle division facilitated exposure of the common plantar artery bifurcation (Fig 1) . The lateral and medial plantar arteries were analyzed using gentle compression with nontraumatic forceps, and the best segment was isolated. Ascer et al 5 and Andros et al 14 reported careful anatomic and surgical technique regarding dissection of plantar and lateral tarsal arteries.
After selection of the distal artery, the donor artery and conduits were dissected. Tunnels were preferably placed in the anatomic course with the intention of preventing eventual graft wound dehiscence. All patients received 5000 IU of nonfractionated heparin intravenously before the anastomosis. All procedures were conducted using loupe magnification at ϫ2.5 to 3.0. Before the distal anastomosis, in most cases, the pedal branches were opened and tested with saline infusion using a 20-gauge intravenous cannula passed through the lumen of the artery.
Since 1998, DUS has been used preoperatively to evaluate the quality, caliber, and phlebitis signs of the conduits, with the intention of using the best vein segments. We preferentially used removed and nonreversed great saphenous vein (GSV). A Mills valvulotome was applied after the proximal anastomosis. We did not perform in situ saphenous vein bypass, and nonreversed vein was generally chosen to match the caliber between the conduit and inflow/outflow arteries. A single-segment arm vein was used when GSV was unusable or when composite grafts were necessary. With respect to graft extension, the bypass was considered long when the donor artery was an aboveknee artery. All distal anastomoses were performed using noninterrupted 7-0 polypropylene sutures; for distal vessel hemostatic control, a loop suture was placed, using humid regular catgut. Follow-up. After discharge, all patients were followed up in ambulatory visits. In the early postoperative period, patients were monitored weekly and ambulatory visits were scheduled according to the evolution of wound healing. During the first year, patients were generally evaluated at intervals of 1 to 3 months. Graft patency was checked by pulse palpation and continuous Doppler wave evaluation. Patients were also assessed with DUS, which has been used at our hospital for bypass surveillance since 1998, at regular intervals of 1, 3, and 6 months. Arteriography was performed if any abnormality was detected. These evaluations are in accord with the TASC guidelines. 12, 15 Life-long antiplatelet therapy with aspirin (200 mg/d) or ticlopidine (500 mg/d) was prescribed; clopidogrel and systemic anticoagulation were not routinely used. Currently, a statin drug is also prescribed (simvastatin, 20 mg/d).
Statistical analysis. Univariate analyses were performed using Pearson 2 and Fisher tests. Graft patency, limb salvage, and survival were the main end points analyzed and were determined using the Kaplan-Meier lifetable method. Comparisons were made using the MantleCox log-rank test, assuming P Ͻ .05 as statically significant. Freedom from adverse outcome was defined as no early death (Ͻ30 days), graft occlusion, or limb loss at any time during follow-up.
RESULTS
Among the 25 bypasses performed, 17 (68%) were short-length grafts with the below-knee popliteal artery as the main inflow site in 12 (48%) and the medial plantar as the main outflow artery in 13 (52%). The bypass origin in three patients was a previous bypass graft. Despite these procedures being considered as assisted primary patency, all patients had ischemic lesions. Fig 2 shows an example of a recent bypass graft where the origin was a peroneal artery. All conduits were autogenous veins grafts (Table II) . Table  III lists the techniques applied in each patient and the early results obtained.
Only two patients were lost to follow-up, which was a mean of 46.32 months (range, 0-144 months). During this period, secondary patency was 49% at 1 year and 36.8% at 3 years. In one patient, assisted primary patency was performed using balloon angioplasty in a distal anastomosis. Four early graft occlusions occurred Ͻ30 days, which determined the primary failure rate of 16%. Two of these occlusions occurred on the first postoperative day, and graft revisions were unsuccessful. Fig 3 lists the results for primary, assisted primary, and secondary patency.
At 1 and 3 years after surgery, limb salvage rates of 81.7% and 69%, respectively, were achieved. Nine major amputations were necessary, two of which were above knee. Procedures conducted after bypass included debridement and minor amputations restricted to the forefoot (n ϭ 10).
The 3-year Kaplan-Meier survival rate was 65.4%. Of these patients, 67% preserved ambulation, 54% kept their activities of daily living (totally independent or semiindependent), and another 36% were totally dependent on a caregiver. In the limb-loss group, only one patient had amputation rehabilitation and was considered independent in activities of daily living. At the 3-year follow-up, the limb salvage rate was better than the survival rate (Fig 4) .
Six patients (24%) had complications in the early postoperative period, including acute myocardial ischemia in two, superficial wound infection in four, and pneumonia in three. No patients needed graft ligature as a consequence of graft infection; all wound complications were managed using antibiotics. Two patients died of pneumonia Յ30 days of surgery, which determined the surgical mortality of 8%.
Univariate analysis of the demographic and clinical factors revealed that no variable was associated with worse results in secondary patency, limb salvage, and survival. Table IV lists the hazard ratio between patients with and without the defined adverse outcomes (n ϭ 22 and n ϭ 3, respectively). Also, no differences were identified in the lateral plantar or medial plantar artery procedures in secondary patency and limb salvage (Table V) .
DISCUSSION
Lateral plantar, medial plantar, and lateral tarsal artery bypasses are previously reported as an alternative to limb salvage. 5, 6, 14, 16 Although the present results for secondary patency are worse than those reported by Ascer et al 5 and Andros et al, 6 a 3-year limb salvage rate of 69% is considered satisfactory. • Ascer et al 5 reported the first series of patients treated using developed foot branches, demonstrating a secondary patency of 67% and limb salvage of 78% at 24 months of follow-up.
• Andros et al 14 reported use of the lateral plantar as the outflow artery. In their study, there was a predominance of diabetes mellitus as the main associated disease. Bypass in one patient was performed for Buerger disease, a condition that was not included in our registry. At the 3-year follow-up, they achieved secondary patency of 73% and limb salvage of 89%.
• Hughes et al 16 recently reported the largest series involving bypasses to foot branches. In a period of 13 years, this group performed 98 bypass grafts to developed arterial foot branches. At 5-year follow-up, secondary patency was 50% and limb salvage was 69%.
Limb preservation is the main end point in CLI treatment; however, other factors also influence the patient's quality of life, and these issues should be considered in the intention to treat. 17, 18 The ability to retain ambulation and to perform routine activities are very important to these patients; in the present study, 67% of patients remained ambulatory at 3 years after surgery.
Previous studies had high rates of early graft failure. Hughes et al 16 reported the best results, with early graft failure in 11%, but other series reported rates of nearly 20%, 5, 19 which is similar to the 16% failure rate in the present study. A high failure rate has been related to high resistance and poor outflow. 20 Even with a disappointingly high rate of failure, these specific bypasses generally offer the last alternative treatment for limb salvage.
Previous series also analyzed the results of foot branch and dorsalis pedis bypasses. All reports demonstrated better results for secondary patency in the dorsalis pedis group, probably because this artery has low resistance to outflow and has a large caliber. In a previous report, we compared the results of the dorsalis pedis group with those of other arteries and found no significant differences. 10 The current study did not show differences between the plantar arteries (lateral vs medial), and previous studies also used the medial plantar as the main outflow artery. In an arteriography study by Dardik et al, 21 outflow resistance was related to the patency of the plantar arch. This finding is important in preoperative arterial reconstruction; we performed this subjective analysis during surgery using gentle arterial catheterization, followed by saline infusion. Some reports advise this approach before vein harvest, so that bypass is performed only when an adequate outflow artery is identified. 22 The difference between secondary patency and limb salvage rates is an important issue: in most series, including the present study, the difference is as high as 20%. Hughes et al 16 discussed this finding and associated it with the presence of neuroischemic ulcers; others justified the surgical procedures as a method for improving arterial flow, thus reducing the healing period. 23 Most patients who require a bypass to perimalleolar arteries have extensive atherosclerotic disease, classified as infrapopliteal TASC D. An endovascular approach has been used in these situations, but as reported by Giles et al, 24 endovascular treatment in TASC D lesions is associated with freedom from restenosis, reintervention, or amputation in only 14% of patients at the 1-year follow-up. In addition, Conrad et al 25 conducted an analysis of infrapopliteal balloon angioplasty and found that TASC D was an independent variable associated with primary patency failure. This finding is in agreement with results of our previous study, which demonstrated poor results for angioplasty treatment of TASC D lesions. 26 On this basis, patients with extensive atherosclerotic disease should be treated with vein bypass surgery in the presence of acceptable inflow/ outflow arteries, appropriate conduit, and good clinical status. We believe our surgical management protocol of keeping wounds closed for at least 72 hours was associated with the absence of graft infections in the present study. Appropriate care of debridement areas and adequate foot orthesis prevents the development of new lesions and ensures the foot remains healed.
A weakness of the current study is that so few patients were enrolled; however, considering that we describe our experience over a 20-year period, we consider that the present retrospective analysis was appropriate. Also, there were insufficient data regarding preoperative activities of dialing living and this variable could only be analyzed postoperatively.
CONCLUSIONS
Despite technical improvements in endovascular therapy, bypass graft surgery still plays a role in modern treatment of CLI. In addition, these techniques should continue to be taught in vascular training programs to ensure they can be used as an alternative to limb salvage when angioplasty fails. The long-term results of foot branch bypass procedures demonstrated good results for limb salvage and are an acceptable surgical option for patients with extensive atherosclerotic disease (TASC D lesions) as a last attempt at limb preservation. 
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